In the recent years, tooth bleaching has become increasingly popular due to its optimal efficacy and non-invasive nature. It can be performed in the office or at home by use of over the counter products.
Introduction
In the recent years, tooth bleaching has become increasingly popular due to its optimal efficacy and non-invasive nature. It can be performed in the office or at home by use of over the counter products. 1 This treatment is based on the use of hydrogen peroxide or carbamide peroxide, which release unstable free radicals that react with stains and pigments and result in tooth whitening. 2 Factors such as the concentration of hydrogen peroxide and the source of energy as driving force of chemical reactions can affect the efficacy of bleaching treatment. 3 High-intensity light was first used to enhance the whitening chemical reactions. Thermal lamps and hot spatula were later used as heat source to enhance the whitening reaction. Although effective, these methods carried the risk of pulp hyperthermia. 4 Presently, activating light sources such as plasma arc lamps and laser at different wavelengths have replaced direct heat to enhance the whitening efficacy of bleaching agents. 5 Use of lasers such as diode laser at 810 or 980 nm wavelength and Nd:YAG laser at 1060 nm wavelength is increasing for this purpose due to the optimal efficacy of photothermal bleaching. 6 On the other hand, there are some concerns regarding the effects of bleaching treatment on dental materials, which are susceptible to wear and degradation. 7 Chemical softening caused by bleaching can potentially affect the physical and mechanical properties of toothcolored restorative materials such as microhardness and roughness. 8, 9 Dental materials may show variable reactions to bleaching agents. These reactions may range from alterations in surface morphology to change in their physical and chemical properties. 1 Microhardness is defined as resistance of a material to indentation. As one of the most important properties of restorative materials, microhardness is often measured to In Vitro Effect of Bleaching With 810 nm and 980 nm Diode Laser on Microhardness of Self-cure and Light-Cure Glass Ionomer Cements assess the possible negative effects of bleaching products on these materials. However, studies on this topic have often yielded controversial results. 2, 3 A previous study reported a reduction in microhardness of glass ionomer cement (GIC) following bleaching 8 while another study reported an increase in microhardness of GIC after bleaching treatment. 10 In the clinical setting, many dental restorations need to be replaced after bleaching treatment due to the negative effects of bleaching on their physical and chemical properties. 8, 11 However, in some cases, as in non-carious cervical erosions, restorations need to be done prior to bleaching treatment in order to prevent tooth hypersensitivity. 9 Since the physical properties of many restorative materials such as GICs change during bleaching treatment, finding cements with higher resistance to degradation due to exposure to bleaching agents is a priority. This study aimed to assess the effect of bleaching with and without laser irradiation on microhardness of 2 commonly used self-cure and light-cure GICs.
Methods
This in vitro, experimental study was conducted on 60 GIC samples fabricated of A2 shade of Fuji IX self-cure and Fuji II LC light-cure GICs. The characteristics of the materials used in this study and the manufacturers are summarized in Table 1 . The sample size was calculated to be 10 samples in each subgroup according to a study by Yap and Wattanapayungkul, 9 and assuming α = 0.05, β = 00.2, minimum significant difference of 3 units and standard deviation of 2.85 using Minitab software. The 30 samples fabricated of each GIC were divided into three subgroups. Thus, a total of 6 subgroups (n = 010) were evaluated in this study as follows: 1. Fuji IX GIC subjected to bleaching with Opalescence Boost bleaching agent plus 980 nm diode laser irradiation 2. Fuji IX GIC subjected to bleaching with Opalescence Boost bleaching agent plus 810 nm diode laser irradiation 3. Fuji IX GIC subjected to bleaching with Opalescence Boost bleaching agent 4. Fuji II LC subjected to bleaching with Opalescence Boost bleaching agent plus 980 nm diode laser irradiation 5. Fuji II LC subjected to bleaching with Opalescence Boost bleaching agent plus 810 nm diode laser irradiation 6. Fuji II LC subjected to bleaching with Opalescence Boost bleaching agent. Samples measuring 10 mm in diameter and 1 mm in thickness were fabricated of GICs. In brief, one spoon of Fuji II LC GIC and 2 drops of liquid were placed on a mixing pad. The powder was divided into 2 parts. The first part was gently mixed with the liquid for 20 seconds. The second part was then mixed and the mixture was transferred to a glass mold by a spatula. It was gently condensed by a condenser. A transparent Mylar strip was placed on top of it to ensure a smooth surface. Light curing was performed for 40 seconds using a light curing unit (Optilux, Kerr, Orange, CA, USA) with a light intensity of 400 mW/cm 2 . The samples were then removed from the mold and cured for an extra 20 seconds from all 4 aspects to ensure complete polymerization. 12 The light intensity of the device was checked periodically. For the fabrication of Fuji IX samples, one spoon of powder and one drop of liquid were placed on a mixing pad. The powder was divided into 2 parts. The first part was gently mixed with the liquid for 10 seconds. The remaining powder was added to the mixture and mixed for another 15-20 seconds. The mixture was transferred to a glass mold, a Mylar strip was placed on top of it and light curing was performed as described above. Immediately after setting, varnish was applied on the surface of samples as recommended by the manufacturer. 6 The samples fabricated of both types of GICs were stored in distilled water at 37°C for 24 hours to ensure complete polymerization. The surface of each sample was finished and polished using medium, fine and super fine polishing burs (Ultradent, South Jordan, UT, USA). The samples were then rinsed with water for one minute and dried. Baseline microhardness of the samples was then measured using a Vickers hardness tester (Metam, Moscow, Russia). During the study period, the samples were stored in screw-top glass containers containing distilled water at 37°C. 13 Bleaching was performed using Opalescence Boost (Ultradent Products. South Jordan, UT, USA), which contains 40% hydrogen peroxide, according to the Where p is the applied load in kg and d is the mean diameter of square-shaped indent in mm. Three squareshaped indents were created on the surface of each sample and the mean value was calculated. The data were analyzed using SPSS version 18 (SPSS Inc., IL, USA). The mean, standard deviation and change in microhardness after the intervention were calculated and reported based on the type of surface treatment, type of laser and type of GIC. Two-way analysis of variance (ANOVA) was used to assess the effect of type of GIC and surface treatment and their interaction effect on microhardness. Level of significance was set at P < 0.05.
Results
At baseline, conventional GIC showed higher microhardness values. After bleaching, maximum microhardness was noted in Fuji IX conventional GIC subjected to bleaching alone (control). Minimum microhardness value was noted in Fuji II LC GIC subjected to bleaching plus 810 nm diode laser irradiation. The mean and standard deviation of microhardness at baseline and after the intervention are presented in Table 2 .
The results showed that microhardness decreased in all groups after the intervention (P < 0.001) irrespective of the type of glass ionomer (P = 0.201) or surface treatment (P = 0.570). In other words, type of glass ionomer and surface treatment had no significant effect on microhardness (P > 0.05). The baseline microhardness was not significantly different among the subgroups in each GIC group (P = 0.456). However, the baseline microhardness of Fuji IX conventional GIC was significantly higher than that of Fuji II LC resin modified GIC (P = 0.004). The trend of change in microhardness in the subgroups is shown in Figure 1 .
Discussion
Patients' high demand for esthetic dental treatments has resulted in increasing popularity of tooth bleaching methods. In-office tooth bleaching has the advantage of immediate effect and does not often require a second visit to the office. However, some concerns exist regarding the effect of bleaching agents on tooth-colored restorative materials such as GICs. 14 The effect of bleaching on properties of some restorative materials has been previously evaluated. 15 Thus, this study assessed the effect of a bleaching agent on microhardness of a conventional (Fuji IX) and a resin modified (Fuji II LC) GIC. Opalescence Boost, which is often used for in-office bleaching was used as the bleaching agent in this study. It is supplied in the form of a syringe containing 2 substances, which are mixed before application, producing 40% hydrogen peroxide and carotene pigment. Carotene is an orange pigment found in carrot and vegetables, which can convert the standard blue light of light curing units to thermal energy. 9 Hydrogen peroxide can form several types of reactive oxygen species depending on temperature, pH, light source, CO catalyst and presence of metal ions. Hydrogen peroxide is an oxidizing agent, which can produce free HO2-and O-radicals that are highly reactive and can break down the macromolecules of pigments into small molecules. Also, in inorganic structures such as protein matrix, free radicals bond to stain molecules. At the end of reaction, free radicals form oxygen molecules in water. 16 In the current study, diode laser with 1.5 W power was used to activate the bleaching agent. It has infrared wavelength and a photothermal effect. The bleaching agent must have pigments to absorb laser energy; carotene serves this purpose in Opalescence Boost. According to the manufacturer, this bleaching agent does not require an activator. However, evidence shows that diode laser irradiation of Opalescence Boost results in higher whitening efficacy in a shorter time. 17, 18 It should be noted that laser irradiation enhances the release of hydroxyl radicals. Moreover, it increases the penetration depth of bleaching agent and enhances the efficacy of bleaching. 17, 18 Due to limitations in heat production considering possible damage to dental pulp by over-heating, diode laser in safe range of 810-980 nm wavelength was used in this study. At this wavelength, laser is well absorbed by aqueous solutions and quickly increases the temperature of bleaching agent; risk of pulp injury due to over-heating is minimized as such. 19, 20 Hardness is defined as resistance of a material to indentation or perforation. Chemical softening due to bleaching can affect the durability and clinical service of dental restorations. 5 The current results showed a reduction in microhardness of all subgroups after bleaching. Maximum microhardness was noted in Fuji IX subjected to bleaching alone (control) and minimum microhardness was recorded in Fuji II LC subjected to bleaching plus 810 nm diode laser. Also, Fuji IX conventional GIC had significantly higher microhardness than resin modified GIC both before bleaching. Similarly, Xie et al 21 in 2000 reported higher Knoop hardness of conventional GIC than that of resin modified GIC. They explained this finding to be due to the compact surface texture containing hard glass particles packed in the matrix as well as the presence of lower amounts of carboxylic acid in its formulation. In contrast, Kanchanavasita et al 22 in 1998 reported higher primary microhardness of resin modified GIC compared to conventional GIC and discussed that addition of resin to GIC enhanced its mechanical properties compared to those of conventional GIC. The pH of the bleaching agent used in our study was 6.53; at this pH, the bleaching agent can cause erosion of GIC surface.
14 The suggested mechanism of erosion of GIC is as follows: In acidic solutions, hydrogen ions replace cationic metal ions in the structure of GIC and form cross links with poly carboxylic acid molecules. According to the concentration gradient, cationic metal ions are released from the surface and their concentration in cement matrix decreases. Glass particles are subsequently released from the surface and as the glass network disintegrates, glass particles are covered with silanol (-SiOH) groups. Simultaneous attack with H+ and F-ions disintegrates the Si-O-Si bonds in the glass network. 10 Surface damage occurs as such following the application of bleaching agent on conventional GIC. This damage can be permanent (due to failure of primary bonds within the material) or reversible following softening and plasticization of material surface (due to failure of secondary bonds). Permanent damage occurs due to wash out of ions. The mechanism of reduction of microhardness of resin modified GICs due to bleaching is as follows: Insoluble fillers release ions such as silicon, barium, strontium and fluoride into the bleaching agent and distilled water. This process creates voids on the GIC surface. Due to osmotic pressure, water is accumulated in voids. Following increase in osmotic pressure, diameter of voids within the material structure increases, which leads to softening and decreases hardness. Mujdeci and Gokay 25 in 2006 evaluated the effect of bleaching agent on microhardness of tooth-colored restorative materials and reported that bleaching did not decrease the microhardness of GIC, which was in oppose with our findings. They stated that seven days after the setting of GICs, bleaching agents can no longer cause detectable surface degradation in the cement. Yap and Wattanapayungkul 9 in 2002 assessed the effect of in-office bleaching on microhardness of tooth-colored restorations and found no reduction in microhardness due to bleaching, which was different from our results. In their study, bleaching was performed seven days after completion of setting of GIC. This time period results in more complete polymerization of cement and less susceptibility to bleaching. Similar to our findings, Campos et al 26 in 2002 evaluated the effect of bleaching with carbamide peroxide gel on microhardness of restorative materials and found that bleaching gels containing 10%-15% carbamide peroxide decreased the microhardness of hybrid ionomer. Turker and Biskin 14 in 2003 evaluated the effects of three bleaching agents on composite, compomer and resin modified GIC and reported that resin modified GIC required replacement after bleaching because its surface properties such as surface roughness were significantly deteriorated after bleaching. Another study discussed that a secondary setting results in formation of silicate hydrate phases in conventional GICs, which are mainly responsible for hardness. This does not occur in resin modified GICs because fast setting of light cure GICs, referred to as snap set, postpones the acid-base reactions responsible for the formation of silicate hydrate phases. Thus, the latter is more susceptible to degradation. 27 Turker and Biskin 10 in 2002 reported an increase in microhardness of GICs after bleaching and attributed this increase to accumulation of silica cores on the GIC surface after bleaching and erosion of cement and movement of indenter of Vickers hardness tester on these cores. The results of the current study showed no significant difference in microhardness among the laser-bleached subgroups of each of the conventional and resin modified GICs. Diode lasers with power more than 3 W are harmful for dental pulp. However, in the 1-2 W range they can be the best lasers for bleaching. 28 Lasers accelerate the bleaching process and decrease the time of procedure. On the other hand, the effect of bleaching is directly related to the exposure time. 28 Thus, in our study, the effect of bleaching alone (with longer exposure time) was similar to diode laser-bleached subgroups (with shorter exposure time) despite of the results of previous studies that showed reduction of enamel hardness following diode laser-activated bleaching. 28, 29 Future studies are required to assess the effect of diode laser irradiation on other properties of GICs. Also, effect of laser bleaching on microhardness of GICs, enamel and dentin must be compared in future studies.
Conclusion
Based on the results of this study, bleaching with/ without laser decreases the microhardness of GICs. This reduction was greater in resin modified GIC compared to the conventional GIC. Changing the diode laser wavelength did not change the effect of bleaching agent on microhardness of GICs.
